continued to this day by some outstanding surgeons on the Continent. Throughout this time Professor Holmgren's name was one to conjure with otologically, and a visit to Stockholm in 1938 provided many ideas particularly regarding the use of the operating microscope.
It was not until the introduction of chemotherapy that we could safely undertake the single-stage procedure as was demonstrated in the first instance by Julius Lempert. It is perfectly true that at the present time I do not use routine antibiotics at fenestration, but the knowledge that they are-available if needed gives confidence and peace of mind. My earliest successful case which still retains the original improvement in hearing was commenced in 1936 and completed in 1937. PATHOLOGY In the course of work such as this it is inevitable that interests other than those in the merely technical aspects of the subject are aroused. Interest in the pathology of this condition one might say is traditional in Edinburgh. J. S. Fraser was one of the keenest students of diseases of the temporal bone in this country, and I am glad to claim friendship with Professor Felix Nager of Zurich, for to study in his laboratory I owe a great deal of the early stimulus to investigate the pathological background of otosclerosis.
The theories of the origin of otosclerosis fall roughly into three groups. We have the vascular theory originally suggested by Wittmaack, and more recently brought up to date by Dorothy Wolff. There is the group of theories of absorption by lacunar erosion and progress of the disease along the blue mantle; this was held fairly strongly' by Professor Nager. And finally we have those theories which rest upon the embryological remnants which are found in the temporal bone. Practically all these theories assume a disease entity. Some have suggested that there might be some underlying condition which predisposed to the onset of the disease. I started myself from this standard position that there was a disease and that it was necessary to discover the cause, to study its course and to follow it through the various stages.
After examining a very large number of sections I was struck by the' fact that there w'as no evidence of spreading disease. In fact I could discover nothing but the signs of healing of bone. This seemed to me the more remarkable because the material I was examining was not post-inortem material from patients chiefly in the later age groups, but was bone taken from young people with, in many cases, a short history of deafness and a progressing disability.
If one was able therefore to dXcover nothing but signs of bone reconstruction, the conclusion seemed t. g inesvpable ¶hMt there 4 en gan acute condition prQsQnt at some timnq ProCOdiMs of the RVyCd Sociy of Medicine 2 during the past. This was borne out to some extent by the presence in one or two cases of osteoclasts-but these were for the most part degenerated. As the condition which brought the patient to operation was increasing deafness, healing and increase of deafness seemed inseparable, and re-orientation of ideas seemed necessary here, and because one had been conditioned to accept otosclerosis as a disease entity, it was some time before I could bring my mind to accept the possibility that in fact we were dealing with a healing process in bone and not with a disease at all. Instead of trying to explain the changes of otosclerosis by new or unusual types of bone process, it seemed to me that if otosclerosis could be explained within the commonly accepted ideas of bone pathology we were more likely to approach the core of the problem. Two questions therefore appeared to require an answer in this conception of the pathology of otosclerosis. First of all what was the condition of the bone originally, which predisposed it to this particular change. Secondly, what was the condition which triggered the healing process?
To begin with there is a sudden, probably inflammatory, condition of the bone in which osteoclasis plays a large part. There is sharp reaction in the bone which is evident from the production of hyperostosis. I have been able to show that hyperostosis is not the result of prolonged inflammation but is one of the earliest changes in otosclerotic bone and is probably dependent upon the activity of the first stage of the condition. Why, therefore, should the bone in a particular part of the labyrinth capsule undergo this change? I believe that in some of the other conditions affecting the temporal bone we may find some assistance in understanding this particular process. For instance, Paget's disease has been called a localized form of otosclerosis. Fragilitas ossium has many characteristics in common with otoscierosis, in that it has been stated that between 40% and 60% of all cases of fragilitas ossium suffer from otosclerosis. It is noteworthy also that in fragilitas ossium the onset of deafness occurs with the healing of the bone, suggesting again that healing of bone and deafness are concurrent.
It is also noteworthy that in these diseases healed bone is characterized by the production of a mosaic pattern; this can be demonstrated in otosclerosis, in Paget's disease, and in fragilitas ossium where otosclerosis has occurred. And if indeed in fragilitas ossium 40%-60% of all cases have demonstrable otosclerosis in the labyrinth capsule, it might be reasonable to believe that the production of the mosaic pattern which we interpret as otosclerosis is, in fact, evidence of the healing of the bone. If this should be so, then otosclerosis itself, particularly in the production of a mosaic pattern such as it produces, is again merely an instance of healing bone. And this will take us still farther back to the idea that there is a fundamental embryological abnormality of the bone similar perhaps to the lack of osteoblastic tissue which is found in fragilitas ossium, which in its healing after the influence, let us say, of inflammation or other agent, produces what we call otosclerosis. In fact the two diseases may be identical.
ANAWrHBEIA
In the earliest stages local anesthesia was the anasthetic of choice, and for the first 50 patients or so I used nothing else. I found, however, that in the main, our patients were not suited to local anasthesia and some substitute was sought. I tried basal anasthetics commencing with oil-ether, and Avertin, and I think I have experimented with every known sequence of inhalation anasthesia.
At present our method is that induction is carried out with thiopentone, with or without a relaxant, and following intubation, gas-oxygen is the chief agent with the addition of trilene or other inhalant gas, as considered necessary. Blood pressure is reduced to between 60 and 80 mm.Hg. Unless it is lowered to 80 mm. we rarely find there is much advantage and 80 mm. therefore is our threshold.
The use of induced hypotension in an operation of this character is a calculated risk, and it is essential that such a risk should be justifiable. Examination of results in the various groups of cases will show that the risk is justifiable. TRANIG In the selection of patients for this operation there is no substitute for careful study of ones own patients. A certain amount can be learnt from the accounts of others, but some volume of work is essential if even reasonable results are to be achieved.
I believe that in otology there is no place for the occasional fenestrator. The young man who wishes to carry out this work and achieve a measure of success must be prepared to do much hard practice which can only be obtained in the first instance upon the cadaver. I would advise those coming to cadaver work for the first time, that it is of little use to drill a few casual holes in temporal bones. I believe that it is esstial that the whole fepiestration apparatus should be brought into play on every occasion; this is our method in Edinburgh. CLASSIFICATION OF PATIENTS I have taken for analysis a thousand consecutive operations. Before considering thxese in detail, some definition of terms is necessary. We have to know what constitutes a successful operation. We must decide whether the social adequacy index is necessary for success, and we also have to know into what groups or classes we propose to divide our patients.
I do not consider achievement of social adequacy necessary for success. That is to say I would not reject a patient for operation because I did not feel that he would reach the social adequacy line. There is no doubt that a very high percentage of successful results can be obtained if a surgeon confines himself to patients likely to reach social adequacy, but success or failure should rest I think on far wider and more practical grounds than these. Two requirements must be fulfilled in every case. The audiogram must show a significant rise, above any possible daily variation, and the patient must be convinced that real benefit has resulted from the operation.
GROUPING OF PATIENTS
For my own study, I divide my patients into the usual three groups; class 1, the ideal case; class 2, offering not quite such a high probability of success; and class 3, where the probability of success is low. I also have a group 4, which was experimental, into which no cases have gone for a long time, but which was a necessary group in the earlier stages of the operation when we had no data as to what we could or could not do with fenestration. I feel that if a surgeon accepts a patient for operation then that patient, irrespective of what class he or she is in, is included in any statement of results. The point of studying various classes of patients is not for the patient's benefit but for the surgeon's. Because upon his experience of what is possible within each class the surgeon bases the knowledge upon which he explains to the patient what chances that individual will have of successful operation.
I have divided the patients into groups on a time basis, showing the various types of operation which have been employed. The groups are few, because only one major change in method has been made at a time, and it took me about two years to obtain statistically valid series. Another two years had to elapse before that group could be assessed properly.
The various groups are shown in Table I . The results in each group are shown in Tables 11-V. It is interesting to study the results on a long-term basis, and the results in all cases operated upon between 1942 and 1947 are shown in Table VI . Some later deterioration can be expected and its extent is shown here. [The details of operative technique were shown in the film with which the President concluded this Address.] In the first instance I followed Professor Sourdille's second technique closely (Sourdille, 1930) . His operation resembles the operation as we know it to-day. It is a matter of personal chagrin to me in that this is the technique which I originally used and yet, following personal communication with Professor Sourdille, I abandoned it and adopted his first method wherein the incus was left in place, until it became evident that there was no advantage in making difficulties where difficulties need not exist.
My own technique is, I believe, the simplest technique which I have ever practised. I have used both post-auricular and endaural incision, but have always believed and taught that the method of soft tissue approach has nothing to do with the operation itself; the whole crux of the matter rests on making a satisfactory opening into the labyrinth in such a way that that opening will remain patent. The present method of cutting the opening in the canal is something which was developed in Edinburgh and owes nothing to anybody so far as I am aware.
The after-treatment of these operations is of considerable importance, because it may shorten or lengthen convalescence very greatly. In general my habit is to graft the cavity with a Thiersch graft, spread preferably upon linen. This method of cavity treatment has been criticized, but this method of skin grafting was based upon the results in a series of 500 mastoid operations (Hall, 1942) , in which healing following skin grafting was clearly superior in my hands to healing by granulation and epithelialization. One relies upon one's own experience if it is sufficiently extensive.
My success, or rather lack of it, is very clearly seen because 13 % represents the proportion of my patients who still have a discharging cavity. Unfortunately it is greater than that I had in the series of 500 mastoid cavities before we had the aid of chemotherapy. Why these clean cases should give so much trouble is one of the mysteries yet unsolved.
In my experience discharge takes two forms, one is the infected posterior cell, and the other is the leak which comes over the top edge of the attic portion of the tympanomeatal flap. The second type I find comparatively easy to cure with trichloracetic acid and a little patience, but the infected cell is more difficult because further operation may be required before it can be completely cleared up. Unfortunately the majority of these cases occur in patients in whom the cell system is large and extensive. There is no guarantee therefore that having cleared out the cells once, other and further cells will not repeat the process. This experience has induced a conservative attitude towards re-operation.
In order to shorten the period during which the patients suffer from disabilities of balance exercises are given to the patients after the method of Terence Cawthorne and F. S. Cooksey, and a class is run by the physiotherapy department.
There is no doubt in my mind that the fenestration operation produces a life-long disability in some patients and potentially in all. Patients require continuous attention at intervals which certainly increase until once every year or once in two years is sufficient, but still in the early stages supervision is essential, if the best results are to be obtained. Further, there are certain occupations or amusements which are barred for good to the patient; bathing is always a potential source of danger, and surfing and diving are absolutely forbidden. It is these disabilities which induced many workers from Professor Holmgren onwards, to experiment with other types of fenestration, including the closed fenestration, which did not involve the production of a large vulnerable cavity in the mastoid.
There is no doubt that a good result can be obtained with this particular form of operation. The chief problem here which has occupied many people's minds is to decide what type of material should be used to cover the fenestra. Professor Holmgren tried many types and the one with which he was experimenting most recently was the mucoperiosteum which normally lines and covers the ampullary part of the horizontal semicircular canal. Garson has used conjunctiva. Suggit has used skin, and I also have used a Thiersch graft. There is no doubt that if the same proportion of lasting improvement could be obtained as with the open fenestration, then this operation would receive a new lease of life and much greater popularity. I feel that there is a place for this type of operation, especially where climatic and other conditions render the care of a cavity difficult or impossible.
MOBIUZATION
There is not time to include the operation of stapes mobilization, but I wish to bring that operation into focus. I believe that this operation has come to stay. It has very definite ufulness And itj scope and application are wider than those of the fenestration operation 4 60 Sedion. of Otology B1 could ever be. I do not now perform the fenestration operation until the effects of mobilization are known and have been tried. I consider that the one operation is complementary to the other. REVISION 
OPERATION
The revision operation is an integral part of the fenestration procedure and anyone considering himself a complete surgeon in this respect ought to be prepared at any time to undertake it. I have carried out 59 revisions with the results shown in Table VII .
One of the most interesting groups is those with cartilage implant. In this group results were outstandingly good, and if all the failures could have been revised a very high final percentage of success could have been obtained.
The revision operation has been characterized as unjustifiable because of its dangers. With that opinion, of course, I could not possibly agree, and I would like to remind you of a saying of Professor Sourdille's that: "One should always in the making of a fenestra leave room for the revision." The reason for this is that when closure takes place it is frequently from the rear, i.e. from the canal forward over the ampulla, and the easiest place to start a revision is anterior of the -ampulla working back towards the old opening. Sourdille's dictum has a great deal of meaning when one considers it from that aspect.
It was in studying revision cases that I came to the conclusion that one of the chief sources of failure was the accumulation of serum underneath the flap. It was for this reason that I proceeded to develop what I have called the "Contact" method of fenestration, whereby the space between the tympano-meatal flap and the membranous canal is minimal. The ideal I believe is that the membranous canal should lie just at the level of the bony wall on either side.
BILATERAL OPERATIONS Altogether 8 % of my patients have had operations upon both ears. It is quite obvious that when the second ear is operated upon successfully the effect upon the patient is not nearly so dramatic as in the case of the first operation. Apart from giving the patient a certain amount of balance in hearing and facility at the dinner table or board meeting, there seemed to be little real value, except as an insurance in case anything should go wrong with the first ear. I examined this problem using a speech audiometer in a free field. The speech audiograms make it clear that there is a very real gain in binaural hearing after operating upon the second ear.
There are quite clearly certain disadvantages in the operation, because I have found that troublesome vertigo is very much more likely after the second operation than after the first. For this reason I have always paid considerable attention to the patient's habits and occupation before consenting to operate upon the second ear. CHANGING TECHNIQuE I believe it is true to say that no six months have ever passed without alteration in some point of technique, and I would hope that our present results will help in further improvements in the future.
